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@ Reverse engagement interlock control.

@ A control method/system for controlling engage-
ment of reverse ratios in automated vehicular frans-
mission systems (10) having a controller (38) issuing
command output signals to non-manually controlled
actuators (30, 34) is provided. The controller in-
cludes logic rules for (i) sensing predetermined re-
verse ratio enabling conditions, including remaining

in neutral for at least a predetermined period of time
(Nt > REF;) prior to selecting reverse, and (i) is-
suing commands to cause a reverse ratio to be
engaged only upon sensing such conditions, to mini-
mize accidental engagement of reverse ratios with-
out requiring mechanical interlocks.

Rank Xerox (UK) Business Services
(3.10/3.09/3.3.4)



EP 0 681 120 A1

FiG. 4A

LET N-FLAG =0




1 EP 0 681 120 A1 2

BACKGROUND OF THE INVENTION

Related Applications

This application claims priority from GB
9408883.8, filed May 5, 1994, and GB 9502207.5,
filed February 3, 1995.

This application is related to allowed U.S.
Serial No. 08/104,699 titled SCROLLING GEAR
RATIO SELECTION CONTROL SYSTEM AND
METHOD, filed August 11, 1993, and assigned to
EATON CORPORATION, the assignee of this ap-
pication.

Field of the Invention

This invention relates to a control sys-
tem/method for allowing engagement of the reverse
ratio(s) of a vehicular automated transmission only
upon the occurrence of a predetermined set of
reverse enabling conditions. In particular, the
present invention relates to a control sys-
tem/method for an automated transmission system
having a controller for issuing command output
signals to a non-manually controlled fransmission
actuator which allows/causes issuing of commands
for engagement of the fransmission reverse ratio(s)
only upon sensing the occurrence of a predeter-
mined set of reverse ratio enabling conditions, in-
cluding at least one condition involving a predeter-
mined continuing action by the vehicle operator,
such as continuing to maintain a selector or button
in a position against a bias for at least a predeter-
mined period of time and, thus, does not require
mechanical interlock devices to reduce the likeli-
hood of accidental or unintentional engagement of
a reverse ratio.

DESCRIPTION OF THE PRIOR ART

Fully or partially automated vehicular transmis-
sion systems having a controller, usually micropro-
cessor-based, for receiving input signals and for
processing same in accordance with predetermined
logic rules to issue command output signals to
various non-manually controllable actuators (such
as fransmission actuators) are well known in the
prior art, as may be seen by reference to U.S.
Patents No. 4,081,065; 4,361,060; 4,595,986;
4,646,290; 5,053,961; 5,261,298 and 5,335,566, the
disclosures of which are incorporated herein by
reference.

Mechanical interlock devices (such as detents,
movable collars and the like) to prevent accidental
selection of reverse ratios in both automatic and
manual fransmissions are well known in the prior
art, as are interlock devices and/or controls which
will prevent engagement of a reverse ratio if ve-
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hicle forward speed is greater than a predeter-
mined reference value.

While these interlocks and controls are widely
used, they are not totally satisfactory, as the me-
chanical devices are expensive, bulky and/or sub-
ject to damage, wear, deflection and/or tampering,
and the speed-related controls will not prevent ac-
cidental and/or unintentional engagement of a re-
verse ratio from a stopped or low-speed vehicle
condition.

SUMMARY OF THE INVENTION

According to the instant invention, the
drawbacks of the prior art are minimized or elimi-
nated by the provision of a reverse ratio engage-
ment interlock control method/system for an auto-
mated vehicular transmission which will decrease
the likelihood of accidental/unintentional engage-
ment of a fransmission reverse ratio without de-
pending upon mechanical interlocks.

The foregoing is accomplished, in a vehicular
automated fransmissions system having a control-
ler for receiving input signals and for processing
same according to predetermined logic rules fo
issue command output signals to non-manually
controlled actuators, by providing reverse ratio en-
gagement logic rules by which the controller will
issue the commands necessary for driving engage-
ment of the transmission system in a reverse ratio
only upon sensing the occurrence of a predeter-
mined set of reverse ratio engagement enabling
conditions, including at least one condition involv-
ing a predetermined continuing action by the ve-
hicle operator. By way of example, the reverse
ratio engagement logic rules may require sensing
that (i) the transmission selector has been in the
neutral position for at least a first reference period
of time (such as one to two seconds), and then (ii)
the operator has moved a button or lever to and
has retained the button or lever in a predetermined
reverse selection position against a bias. As a
further example, application of the vehicle brakes
may be an additional or alternative precondition for
issuing command output signals for driving en-
gagement of the automated transmission reverse
ratio(s).

Accordingly, it is an object of the present in-
vention to provide an improved control for vehicular
automated fransmission systems for reducing the
likelihood of accidental/unintentional engagement of
the transmission reverse ratio(s) without requiring
mechanical interlock devices.

This and other objects and advantages of the
present invention will become apparent from a
reading of the detailed description of the preferred
embodiments taken in connection with the attached
drawings.
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BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a schematic illustration of an auto-
mated mechanical change-gear transmission sys-
tem advantageously incorporating the reverse ratio
engagement control of the present invention.

Figure 2 is a perspective view of the driver's
manual shift control and display device.

Figures 2A and 2B are enlarged views of a
portion of the display illustrated in Figure 2.

Figures 3A and 3B are schematic illustrations
of alternative shift selection devices adapted for the
present invention.

Figures 4A, 4B and 4C are schematic illustra-
tions, in flow chart format, of the control sys-
tem/method of the present invention.

DESCRIPTION OF THE PREFERRED EMBODI-
MENT

A vehicular semi-automatic mechanical trans-
mission system 10 is schematically illustrated in
Figure 1. While the present invention is illustrated
as incorporated into a semi-automated mechanical
fransmission system, it is understood that the con-
trol of the present invention is appicable to various
types of fully and partially automated vehicular
fransmission systems having a controller for receiv-
ing input signals indicative of system operating
parameters and/or operator requests and for pro-
cessing same according to predetermined logic
rules to issue command output signals to non-
manually controllable system actuators.

The semi-automatic transmission system fo
which the present invention is particularly advanta-
geously related is described and illustrated in Eu-
ropean Patent No. EP-B-0 170 465 and U.S. Patent
No. 4,648,290. The type of transmission automated
may be of the type illustrated in U.S. Patents No.
4,735,109 and 4,745,665, the disclosures of which
are incorporated herein by reference.

Referring to Figure 1, the position of a driver-
operated throttle 24 is sensed at sensor 22 and fed
fo a central processing unit 38, which also receives
inputs relative to engine speed from sensor 28
and/or transmission input shaft speed from sensor
32, transmission output shaft speed from sensor
36, and positive or negative actuations of the driv-
er's gear shift lever, or "joy stick" 1, fo be de-
scribed in greater detail below. It is understood that
transmission output shaft speed is an indication of
vehicle ground speed and engine speed is an
indication of transmission input shaft speed, and
vice versa, especially if clutch 16 is non-slippingly
engaged.

The throttle position sensor 24 may be of the
type illustrated in U.S. Patent No. 4,922,425, the
disclosure of which is incorporated herein by refer-
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ence. Devices, such as throttle position sensor
assembly 22, for sensing the operators setting of a
throttle pedal 24 or the like, and providing a signal
proportional to or at least indicative of the mon-
itored setting, and so-called "remote fuel control"
or "fly-by-wire" systems utilizing same, are known
in the prior art and illustrated in U.S. Patents No.
4,250,845; 4,305,359; 4,319,658 and 4,461,254, the
disclosures of which are incorporated herein by
reference.

Control logic circuits, sensors and actuators for
the transmission system 10 (as disclosed in Fig-
ures 1 and 2) may be as disclosed in above-
mentioned U.S. Patents No. 4,361,060; 4,648,290;
4,930,081 and 4,930,078. Specifically, central pro-
cessing unit 38 receives inputs, processes same in
accordance with predetermined logic rules, and
provides command output signals to pneumatic
and/or electrical actuators for control of an exhaust
brake 17 and/or an input shaft brake 18 for rapid
upshifts, and automatic fuel control 26 to control
the supply of fuel to the engine 14 to achieve rapid
synchronous rotation preparatory to a shift, clutch
control via operator 30, and ratio shifting via trans-
mission operator 34. The transmission operator 34
may also be of the "X-Y" type, as illustrated in
U.S. Patents No. 4,873,881 and 4,899,607, the dis-
closures of which are incorporated herein by refer-
ence.

Engine 14 may be electronically controlled,
may include a dedicated controller 14A, and may
communicate with ECU 38 by means of an elec-
tronic data link conforming to a protocol such as
ISO 11898, SAE J1922, SAE J1939 or the like.

Although clutch pedal 3 is illustrated for use in
start-from-stop and low-speed maneuvering, the
present invention also is applicable to systems
having fully automated master clutches and/or
torque converters or other non-positive couplings.

The central processing unit also sends com-
mand output signals to the display 2, to be de-
scribed in greater detail below. The semi-automatic
fransmission system 10 may additionally comprise
a usual foot-operated manual clutch control 3 in-
tended for use only for start-from-rest and/or low-
speed creeping maneuvering situations. The con-
trol 38 receives signals indicative of manual clutch
control 3 position and of actuation of the vehicle
brakes 4. The semi-automatic mechanical transmis-
sion system 10 also includes sources of electric
and/or pneumatic power (not illustrated).

The central processing unit may be of the type
illustrated in U.S. Patent No. 4,595,986 and may
incorporate fault detection and tolerance logic of
the type illustrated in U.S. Patents No. 4,849,899;
4,899,279 and 4,945,484, the disclosures of which
are incorporated herein by reference.
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As used herein, the term "blip,' designates a
temporary increase in the supply of fuel to the
engine 14, while the term "dip" means a momen-
tary decrease in supply of fuel to the engine. The
terms blip and dip are usually associated with
automatic controller 38 commanded increases and
decreases, respectively, of the supply of fuel to the
engine independent of the operator selected posi-
tion of manual throttle pedal 24.

Preferably, as may be seen by reference to
Figure 3, the central processing unit 38 may be
contained in a box or housing 38A, which housing
carries the display panel 2 having an upshift indica-
tor display 2', a downshift indicator display 2", and
a currently engaged gear ratio display 2'", the shift
select lever 1, an optional reverse enable button
1A, as well as a central processing unit electronic
circuitry 38B.

Referring to Figure 2A, the display 2 includes
upshift indicator section 2', downshift indicator sec-
tion 2" and currently engaged gear ratio indicator
section 2"'. As illustrated, the currently engaged
gear ratio display section 2" is presently display-
ing a "6," indicating that the vehicle transmission is
operating in sixth gear. The upshift display section
2' has three lines indicating the maximum number
of permissible consecutive upshifts permitted ac-
cording to the sensed input parameters, such as
sensed engine or input shaft speed and sensed
output shaft speed as processed according to the
predetermined logic rules or program. In the
present situation, the three lines indicate that a
single, double or triple upshift is permissible. Ac-
cordingly, the driver may select a permissible shift
directly to either seventh, eighth or ninth speed.
The downshift display 2" section has two lines
indicating the maximum number of permissible
consecutive downshifts permitted according to the
sensed parameters as processed by the predeter-
mined logic or program. In the present situation,
the two lines in display 2' indicate that the trans-
mission may be permissibly downshifted to either
fifth or to fourth gear. Figure 2B illustrates an
alternate display utilizing up/down arrows.

Briefly, the permissibility of a possible upshift
or downshift is determined by comparing the ex-
pected engine speed at the completion of such an
upshift or downshift, assuming a substantially con-
stant vehicle speed or a calculated expected ve-
hicle speed and fully engaged master clufch, to a
fixed range of maximum and minimum permissible
engine speeds. The central processing unit 38 will
not issue command signals to execute a selected
impermissible ratio change. Preferably, a central
processing unit will execute the closest permissible
ratio change to that selected by the operator. By
way of example, assuming the conditions indicated
by display 2 as illustrated in Figure 2B, should the
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operator select a downshift to third gear, such a
downshift will not be executed by the central pro-
cessing unit 38 as being impermissible. However,
in the preferred embodiment, the central process-
ing unit 38 will issue command output signals for a
double downshift from sixth gear to fourth gear. Not
only is an impermissible ratio change refused, but
usually, the driver already will have been advised
by display 2 that the ratio should never have been
attempted or selected.

The display 2 provides an indication to the
operator what upshifits and downshifts are permis-
sible and as to which upshifts and downshifts are
impermissible. Should the driver not heed the
warning, the central processing unit 38 will not
generate impermissible shift command, even
though synchronization of the mechanical jaw
clutch elements could be obtained by the system.

To shift transmission 12, the driver moves lever
1 forward (for upshifts) and rearward (for down-
shifts) from the position illustrated in Figures 2 and
3. To select a single upshift (i.e., a shift to seventh
gear), the operator will move lever 1 forward once
and the lever will then return to the neutral or
centered position under bias. If in sixth gear, as
shown, the operator moves the lever forward three
times in quick succession, each allowing its return
fo rest, he will skip two gears in effect, and achieve
a skip shift directly into ninth speed (i.e., seventh
and eighth speeds will not be engaged) almost
instantaneously. Accordingly, multiple or skip shifts
may be commanded by use of the semi-automatic
control of the present invention. The declutching of
the master clutch 16 and synchronizing of the
selected jaw clutch members associated with the
selected gear ratio is achieved automatically and
rapidly due to automatic throttle and clutch control
and braking of the input shaft and/or the engine.
The control system is semi-automatic and the driv-
er must exercise discretion as to when o up- or
downshift, and as to how many gear ratios to up- or
downshift, but is not called upon to coordinate gear
lever, throttle pedal and clutch actuation. Once the
driver has selected a permitted gear ratio, the
throttle is blipped to achieve necessary synchro-
nization during a downshift, or dipped for achieving
necessary synchronization during an upshift, all of
which is done automatically for the driver by the
central processing unit 38.

The reverse mode of operation may be se-
lected only from the neutral, at-rest position and
then is selected by moving control lever 1 back-
wardly from the currently engaged neutral position.
To prevent an inadvertent "downshift" into reverse
selection, a reverse button 1A may be provided,
which button must be depressed prior to the cen-
fral processing unit's interpreting a backward
movement of the control lever 1 when in the neutral
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position as a request for reverse operation.

Of course, any type of toggle switch or button
which may be located on the end of the shift lever
may be utilized in place of reverse enagle button
1A,

In an alternative control (see allowed copen-
ding U.S. Serial No. 08/104,699, the disclosure of
which is incorporated herein by reference), if the
lever is moved to and retain in a displaced position,
the display will scroll through the allowable ratios in
that direction, and will cause engagement of the
ratio displayed at the time the lever is released
from the displaced position thereof.

It is understood, especially for the more fully
automated transmission systems, that a single con-
trol lever of the "P-R-N-D-L" type movable forward
and backward in a given direction o select a
forward and reverse mode of operation, and then
movable in a transverse direction to select upshifts
and downshifts either single or multiple, of the type
disclosed in U.S. Patent No. 4,442,730, the disclo-
sure of which is incorporated herein by reference,
may be substituted for the control lever 1, illus-
trated. The selector lever 1 also may be replaced
by any other type of selection device having a non-
displaced position and two distinct displaced posi-
tions, such as a rocker switch or the like.

A single movement or pulse of the lever is a
movement of the lever from the centered position
to a displaced position, in either the upshift or
downshift direction, and then the immediate release
of the lever, allowing the lever to return fo the
centered position thereof. If the control lever 1 is
retained in the displaced position for more than a
predetermined period of time (for example, for
more than one or two seconds), an alternate control
logic may be utilized.

According to the reverse ratio engagement
control logic of the present invention, to prevent
accidental/unintentional driving engagement of a re-
verse ratio, the controller 38 will not issue the
commands required to drivingly engage a reverse
ratio until the occurrence of a predetermined set of
reverse ratio engagement enabling conditions is
sensed. The term "drivingly engaged" is intended
fo mean engagement of a transmission ratio and
the coupling(s), 16, drivingly interposed between
the engine and the vehicle drive wheels (not
shown).

Referring to the transmission 10, the predeter-
mined reverse ratio engagement enabling condi-
tions may comprise, for example (i) that the vehicle
be at or near rest (i.e., OS £ REF), (i) that the
fransmission be allowed to remain in neutral for a
period of time (Ty 2 REF?), such as, for example,
about one to two seconds, prior to selection of
reverse, (iii) selection of reverse and then (iv) the
operator presses the reverse button 1A, or retain
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the lever 1 in the downshift position for at least a
period of time (Tr 2 REF3), such as, for example,
about one to two seconds. In a further example, as
an alternate or additional condition, the application
of vehicle brakes at the time of selecting reverse
and/or for a period of time thereafter may be re-
quired. Of course, reverse button 1A may be lo-
cated on selector 1, such as in the knob thereof.

As a further additional or alternative precondi-
tion to commanding engagement of a reverse ratio,
manual disengagement of master clutch 16 by
clutch pedal 3 may be required at the time of
selection of reverse.

Referring to Figures 3A and 3B, shift patterns
of the well-known "P-R-N-D-L" type are illustrated
wherein "P" is for selection of park, "R" is for
selection of reverse, "N" is for selection of neutral,
"D" is for selection of drive and "L" is for selection
of low.

In the selector of Figure 3A, the selector lever
100 is provided with a knob 102 having a button
104 thereon. In this type of selector, one of the
reverse enabling conditions may comprise de-
pressing button 104 for a predetermined period of
time. In the shift pattern 106 of Figure 3B, a gated
"RE" or reverse enabling slot 108 is provided with
a spring-biased plunger/sensor 110 for resisting
entry of the selector lever into the slot. The reverse
enabling conditions for an automatic fransmission
system using shift pattern 106 will include causing
the selector lever to remain in slot 108 against the
bias of plunger 110 for greater than a reference
period of time.

It is understood that the controller 38 may be
provided with one or more timer devices or may
determine time periods by counting cycles or using
other known techniques.

Two embodiments of the reverse ratio engage-
ment control of the present invention are schemati-
cally illustrated, in flow chart format, in Figures 4A
and 4B and in Figures 4A and 4C. In Figures 4A
and 4B, application of the vehicle brakes is shown
as a possible additional precondition for enabling
engagement of transmission reverse ratio. In the
embodiment of Figures 4A and 4C, application of
the brakes is the operator-initiated enabling signal.

In accordance with the present invention, a
reverse ratio engagement control is provided for
automated vehicular fransmissions which reduces
the likelihood of accidental engagement of a re-
verse ratio requiring a mechanical interlock. The
control of the present invention, however, may be
utilized in connection with a mechanical interlock.

Although the preferred embodiment of the
present invention has been described with a certain
degree of particularity, various changes to form and
detail may be made without departing from the
spirit and scope of the invention as hereinafter
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claimed.

Claims

1.

A method of controlling engagement of a re-
verse ratio in an automated change-gear trans-
mission system (10) comprising a fuel throttle-
controlled engine (14), a multi-speed change-
gear fransmission (12) having a plurality of
forward ratios and at least one reverse ratio, a
manually operated shift selector for selecting
forward, neutral and reverse modes of trans-
mission operation (1), a central processing unit
(38) for sensing operation of said manual shift
selector and receiving input signals and for
processing same according to predetermined
logic rules to issue command output signals to
non-manually controlled operators including a
transmission operator (34), said method com-
prising:

issuing command output signals for drivin-
gly engaging a reverse ratio only upon sensing
said shift selector remaining in the neutral se-
lection position for at least a reference period
of time (Nt > REF;) followed by an operator
selection of reverse.

The method of claim 1 wherein said command
output signals for drivingly engaging reverse
are issued only upon sensing that an input
signal indicative of vehicle speed is less than a
reference ground speed signal value (0OS <
REF+).

The method of claims 1 or 2 wherein said
command output signals for drivingly engaging
a reverse ratio are issued only upon sensing
an operator-initiated reverse ratio enabling sig-
nal for at least an reference period of time
(REr > REF3) after selection of reverse.

The method of claims 1 or 2 wherein said
command output signals for causing driving
engagement of a reverse ratio are issued only
upon sensing an input signal indicative of ap-
plication of the vehicle brakes after selection of
reverse.

The method of claim 3 wherein said command
output signals for causing driving engagement
of a reverse ratio are issued only upon sensing
an input signal indicative of application of the
vehicle brakes after selection of reverse.

The method of claim 3 wherein said operator-
initiated reverse ratio enabling signals are gen-
erated by the operator's positioning of a selec-
tion device in a predetermined position against
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10.

11.

12,

10

a bias.

The method of claim 5 wherein said operator-
initiated reverse ratio enabling signals are gen-
erated by the operator's positioning of a selec-
tion device in a predetermined position against
a bias.

The method of claim 6 wherein said selection
device is said shift selector.

The method of claim 7 wherein said selection
device is said shift selector.

The method of claim 6 wherein said shift se-
lector is biased to a non-displaced position, is
displaceable in a first direction to select up-
shifts and in a second direction to select down-
shifts, is effective to select a reverse ratio by
displacement in said second direction when
the transmission is in neutral and wherein said
enabling signal is generated by retaining said
shift selector displaced in the second direction.

The method of claim 7 wherein said shift se-
lector is biased to a non-displaced position, is
displaceable in a first direction to select up-
shifts and in a second direction to select down-
shifts, is effective to select a reverse ratio by
displacement in said second direction when
the transmission is in neutral and wherein said
enabling signal is generated by retaining said
shift selector displaced in the second direction.

A control system for controlling engagement of
a reverse ratio in an automated change-gear
fransmission system (10) comprising a fuel
throttle-controlled engine (14), a multi-speed
change-gear mechanical transmission (12) hav-
ing a plurality of forward ratios and at least one
reverse ratio, a manually operated shift selec-
tor for selecting forward, neutral and reverse
modes of fransmission operation (1), a central
processing unit (38) for sensing operation of
said manual shift selector and receiving inputs
and for processing same according to pre-
determined logic rules to issue command out-
put signals to non-manually controlled oper-
ators including a transmission operator (34),
said control system characterized by logic
rules including rules for:

issuing command output signals for drivin-
gly engaging a reverse ratio only upon sensing
said shift selector remaining in the neutral se-
lection position for at least a reference period
of time (Nt > REF;) followed by an operator
selection of reverse.
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The control system of claim 12 wherein said
command output signals for drivingly engaging
reverse are issued only upon sensing that an
input signal indicative of vehicle speed is less
than a reference ground speed signal value
(OS < REFy).

The control system of claims 12 or 13 wherein
said command output signals for drivingly en-
gaging a reverse ratio are issued only upon
sensing an operator-initiated reverse ratio en-
abling signal for at least an reference period of
time (REr > REF;) after selection of reverse.

The control system of claims 12 or 13 wherein
said command output signals for causing driv-
ing engagement of a reverse ratio are issued
only upon sensing an input signal indicative of
application of the vehicle brakes after selection
of reverse.

The control system of claim 14 wherein said
command output signals for causing driving
engagement of a reverse ratio are issued only
upon sensing an input signal indicative of ap-
plication of the vehicle brakes after selection of
reverse.

The control system of claim 14 wherein said
operator-initiated reverse ratio enabling signals
are generated by the operator's positioning of
a selection device in a predetermined position
against a bias.

The control system of claim 16 wherein said
operator-initiated reverse ratio enabling signals
are generated by the operator's positioning of
a selection device in a predetermined position
against a bias.

The control system of claim 17 wherein said
selection device is said shift selector.

The control system of claim 18 wherein said
selection device is said shift selector.

The control system of claim 17 wherein said
shift selector is biased to a non-displaced posi-
tion, is displaceable in a first direction to select
upshifts and in a second direction to select
downshifts, is effective to select a reverse ratio
by displacement in said second direction when
the transmission is in neutral and wherein said
enabling signal is generated by retaining said
shift selector displaced in the second direction.

The control system claim 18 wherein said shift
selector is biased to a non-displaced position,
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23.

24,

25.

26.

27.

28.

29.

30.

12

is displaceable in a first direction to select
upshifts and in a second direction to select
downshifts, is effective to select a reverse ratio
by displacement in said second direction when
the transmission is in neutral and wherein said
enabling signal is generated by retaining said
shift selector displaced in the second direction.

The method of claims 1 or 2 wherein said
reference period of time (REF;) is about 1.0 to
2.0 seconds.

The control system of claims 12 or 13 wherein
said reference period of time (REF;) is about
1.0 to 2.0 seconds.

The method of claim 3 wherein said enabling
reference period of time (REF3) is about 1.0 to
2.0 seconds.

The control system of claim 14 wherein said
enabling reference period of time (REF3) is
about 1.0 to 2.0 seconds.

The method of claims 1 or 2 wherein said
tfransmission system includes a master cluich
(16) and a manually operated clutch control (3)
and said command output signals for engaging
a reverse ratio are issued only upon sensing
manual disengagement of said master clutch
simultaneously with sensing a selection of re-
verse.

The method of claim 3 wherein said transmis-
sion system includes a master clutch (16) and
a manually operated cluich control (3) and said
command output signals for engaging a re-
verse ratio are issued only upon sensing man-
ual disengagement of said master clutch si-
multaneously with sensing a selection of re-
verse.

The control system of claims 12 or 13 wherein
said transmission system includes a master
clutch (16) and a manually operated cluich
control (3) and said rules include rules for
issuing said command output signals for en-
gaging a reverse ratio only upon sensing man-
ual disengagement of said master clutch si-
multaneously with sensing a selection of re-
verse.

The control system of claims 12 or 13 wherein
said transmission system includes a master
clutch (16) and a manually operated cluich
control (3) and said rules include rules for
issuing said command output signals for en-
gaging a reverse ratio only upon sensing man-
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ual disengagement of said master clutch si-
multaneously with sensing a selection of re-
verse.
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